The effect of replacing wheat flour with wheat bran (0-10%), coarse wheat flour (0-20%) or with rice flour (0-20%) on the quality of cookies was studied. The cookie dough was subjected to Instrumental Texture Profile Analysis in order to determine dough cohesiveness and adhesiveness. After baking spread factor, puncture force and fracture strength of the cookies was also determined. The control dough had cohesiveness and adhesiveness values of 0.279 and 13.6 N s whereas control cookies had puncture force and fracture strength of 90.84 N and 100.16 N. Wheat bran increased dough cohesiveness and adhesiveness whereas coarse wheat flour had the opposite effect. Increasing levels of rice flour decreased cohesiveness but increased adhesiveness. Wheat bran and rice flour lowered the spread factor where as coarse wheat flour increased spread factor. Coarse wheat flour and rice flour lowered the fracture strength where as wheat bran increased fracture strength. Sensory evaluation revealed that increasing levels of wheat bran lowered the overall acceptability whereas rice flour and coarse wheat flour improved sensory scores.
INTRODUCTION
In recent years the interest in high fiber content in foods has greatly increased and brown flours or high extraction flours are being used. Cookie flours have extraction rates of 70-75% and increasing the extraction rate leads to increased levels of bran or fiber in the flour thus reducing the elasticity of the dough. Ozboy and Koksel [1] investigated the quality of high fiber bran cookies. Wheat bran was added at levels of 4-20% and they reported that cookie quality was inversely affected with increasing levels of bran. Abd El Moniem [2] studied high dietary fiber cookies by replacing wheat flour with 6-24% of cereal by products like corn bran, rice bran or barley husk but no objective evaluation was carried out.
Traditionally cookies are made from wheat flour and there is little record of rice being used in cookie type products. Small quantities of other cereal flours or starches can be added to give special flavors or structural properties. Where wheat flour is not so plentiful or constitutes an expensive imported material it becomes necessary to consider other cereal flours or starchy materials that may be used to make cookies. Rice is consumed mostly in the form of whole grain after dehusking and polishing. During the milling process brokens are also produced which fetch a lower price in the market. These brokens are ground into flour and can be used to replace part of the wheat flour in cookies. Protein content in rice is low and no gluten is formed, it is very low in oil and has good storage properties and a very bland flavor. Hemalatha et al. [3] concluded that a blend of equal proportions of cowpea flour and rice flour yielded a desirable cookie like product.
Textural properties of cookies can also be affected by the particle size of the wheat flour being used. The objectives of the present investigation were to study the independent effects of wheat bran, coarse wheat flour, and rice flour, on the instrumental texture of cookie dough and their effect on the texture after baking.
MATERIALS AND METHODS
Wheat variety PBW-343 was procured from Punjab Agriculture University, Ludhiana from 2000 harvest. The wheat was cleaned and conditioned to 14% moisture content and then milled into flour in a laboratory mill (Barbender Junior Quadrumatic Mill, Germany). The flour had an extraction rate, protein content and ash content of 74, 9.5, and 0.41% (wet basis), respectively.
Preparation of Cookies
Cookies were prepared as per the AACC method (10-50 D) . Shortening (64 g), sugar (130 g), salt (2.1 g), and bicarbonate of soda (2.5 g) were creamed together in a Hobart mixer (Model N50, Canada) for 3 min at low speed. Then dextrose solution, 5.93% concentration (33 mL) and distilled water (16 mL) was added and mixed for 1 min at low speed and 1 min at medium speed. Flour (225 g) was added and mixing done for 2 mins at low speed. The water added was kept constant so that only the effect of the independent variables could be studied. The wheat flour was replaced with either wheat bran (0-10%), coarse wheat flour (0-20%) or with rice flour (0-20%). The wheat bran obtained from the Barbender mill was further ground in a mixer so as to pass 50 mesh sieve. Wheat (PBW-343) was milled in a McGill Miller No. 2 (Rapsco, Brookshire, TX) for 120 s to remove 7.6% bran. [4] The pearled wheat was ground into coarse flour by grinding in a hand operated disc grinder which consisted of two vertical discs one rotating and the other stationary. The clearance between the discs was adjusted to obtain coarse flour. The flour that passed through 40 mesh sieve but retained by 25 mesh sieve was taken as the coarse wheat flour. Rice brokens from rice cultivar IR-8 were ground to pass through 70 mesh sieve and used as rice flour. The cookies were sheeted to a thickness of 9 mm with a rolling pin on gauge strips and cut with a cookie cutter with 50 mm inner diameter. The cookies were baked for 10 mins at 205 C.
Spread Factor
The cookies were allowed to cool for 30 mins. Six cookies were laid edge to edge and width was taken. Similarly six cookies were stacked on top of each other and height was taken. Width divided by the thickness gave the spread factor.
Instrumental Texture Profile Analysis
The cookie dough was subjected to instrumental texture profile analysis using the Instron Universal Testing Machine (Model 4464, Instron Ltd. Buckinghamshire, England) as described by Bourne. [5] A dough ball (50 g) was placed on the platform of the Instron Universal Testing Machine and a circular plate of 9 cm diameter attached to a 2 k N load cell compressed the sample to thickness of 5 mm at a cross head speed of 100 mm=min twice in two cycles (Fig. 1) . The following parameters were obtained:
Puncture Force
Puncture force (N) was measured as force required by a steel rod of 3 mm diameter to pass through the baked cookie at a cross head speed of 50 mm=min. Probing was done at a minimum of six different places on a cookie and the average was reported as puncture force.
Fracture Strength
The three point break test was used. [6] The distance between the two beams was 40 mm. Another identical beam was brought down from above at a cross head speed of 100 mm=min to contact the cookie. The downward movement was continued till the cookie breaks. The peak force was reported as fracture strength.
Sensory Evaluation and Statistical Analysis
The cookies were evaluated by a semi-trained panel consisting of 20 students from the department for overall acceptability using the nine point Hedonic scale. Samples were evaluated on a desk placed in the corner of a uniformly lit air-conditioned laboratory, which provided a quiet and comfortable environment. The cookies were served at room temperature (25 C) on a white disposable plastic tray and taste-neutral water was provided for rinsing. Mean of twenty evaluations was reported as overall acceptability. Linear regression was carried out by using Minitab Statistical Software (Minitab Inc. USA) between the independent and dependent variable to establish a relationship between them. The regression equations and R 2 values are shown along with the figures.
RESULTS AND DISCUSSION
Cookies are made from rheologically complex doughs and determining the rheological properties of dough yields valuable information concerning the quality of the raw materials, the machining properties of the dough and possibly the textural characteristics of the finished product. Increasing levels of wheat bran increased both the cohesiveness and adhesiveness of the cookie dough (Figs. 2,3 ). Cookie doughs are cohesive but lack the pliancy and viscoelasticity of bread doughs. Rotary molded dough must be sufficiently cohesive to hold together during baking and dough spread and rise should be minimal. In case of wire cut cookies the dough must be cohesive enough to hold together on the belt yet viscoelastic enough to separate cleanly when cut by the wire. Cohesiveness is a dimensionless unit that is obtained by dividing the energy consumed during second compression by the energy consumed during first compression. Lower values of cohesiveness indicate that less energy is required during second compression. Adhesiveness of the dough is of great significance during the sheeting and forming process. The increased adhesiveness can be attributed to the higher levels of water-soluble carbohydrates in wheat bran. The presence of high molecular weight polysaccharides such as pentosans affect the water absorbing capacity of the wheat flour doughs during mixing and thus affect the rheological properties of the dough. [7] The spread factor showed a decline ( Fig. 4 ) with increase in wheat bran from 0-10%. Tangkanakul et al. [8] reported that spread factor of cookies decreased with increasing levels of fiber. Sievert et al. [9] reported reduction of cookie diameter and top grain characteristics when 15% bran was incorporated. James et al. [10] reported that cookie spread and crispness decreased and chewiness increased with increase in rice bran. The puncture force increased (Fig. 5 ) from 90.84 N to 132.33 N with increase in bran content from 0-10%. With increasing wheat bran the cookies became leathery and less crisp (Fig. 6) as revealed by the increase in fracture strength from 100.16 N to 140.08 N. Increasing levels of wheat bran lowered the sensory scores. Wheat bran incorporation over 2.5% concentration received very low overall acceptability scores (Table 1) . Dough cohesiveness positively correlated with cookie puncture force and fracture strength (Table 2 ) in all three type of cookies. The negative correlation of dough cohesiveness with spread factor indicates that cookie doughs with higher cohesiveness show lower spread. This was observed in wheat bran and rice flour cookies.
The cohesiveness of the cookie dough decreased from 0.436 to 0.312 ( Fig. 7 ) with increase in coarse wheat flour from 0-20%. The same is true for the adhesiveness of the cookie dough (Fig. 8) which decreased from 20.48 N s to 4.66 N s with rise in coarse wheat flour from 0-20%. The spread factor increased (Fig. 9 ) from 5.19 to 7 with increase in Figure 4 . Effect of wheat bran on the spread factor of cookie. coarse wheat flour from 0-20%. Coarse flour particles result in greater spread factor. [11] The spread of cookie is caused by two factors firstly by expansion of dough by leavening and secondly due to gravitational flow. The rate at which dough flows is controlled by the viscosity of the dough. As less of the water is held by the coarse wheat flour more is available to dissolve the sugar and therefore the viscosity is higher and spread is more. The Figure 6 . Effect of wheat bran on the fracture strength of cookie. puncture force decreased ( Fig. 10 ) from 90.84 N to 38.45 N with increase in coarse wheat flour from 0 to 20%. The fracture strength of the cookies decreased ( Fig. 11 ) from 100.16 N to 54.54 N with increase in coarse wheat flour from 0-20%. Since the coarse wheat flour particles remained less hydrated the gluten network did not develop and as a result the fracture strength decreased. Yamamoto et al. [12] reported that particle size was very important in determining the quality of cookies. Dexter et al. [13] reported that cookie spread and total cookie score exhibited strong negative relationship to flour extraction rate and sieve aperture. Increasing levels of coarse wheat flour increased the overall acceptability scores (Table 1) .
The cohesiveness of the dough decreased from 0.27 to 0.24 where as adhesiveness increased from 13.6 N s to 73.21 N s (Figs. 12, 13 ) with increase in rice flour from 0-20%. Cookie spread decreased from 5.17 to 4.63 ( Fig. 14) with increase in rice flour from 0 to 20%. The puncture force of the cookies decreased from 90.84 N to 35.31 N with increased levels of rice flour (Fig. 15 ). This may be attributed to the lowered gluten content of the dough with increasing levels of rice flour. The fracture strength of the cookies decreased (Fig. 16 ) from 100.16 N to 59.84 N with increase in rice flour from 0 to 20%. Singh et al. [14] reported that replacing 10% of wheat flour with raw rice flour produced better cookies. Overall acceptability scores increased with increasing levels of rice flour and the scores were statistically significant at replacement levels of 5% and above. Okayama [15] developed a method for producing rice cookies that consisted of glutenious rice flour mixed with fat, sweetener, egg white, and liquid milk. Dough cohesiveness negatively correlated with spread factor and this was observed in all three types of cookies indicating that higher the dough adhesiveness lower the spread. Fracture strength and puncture force also positively correlated in all three types of cookies (Table 2 ).
CONCLUSION
Study revealed that wheat bran could be added at levels of around 2.5% in cookies to increase fiber content. Coarse wheat flour significantly affects the texture of the cookie dough and cookie texture after baking. It can be added to improve textural properties and overall acceptability scores. Rice flour from broken rice can be utilized in cookies improving its texture and overall acceptability scores.
